® m 



® 



Europaisches Patentamt 
European Patent Office 
Office europden des brevets 



@ Publication number: 0 668 080 A2 
EUROPEAN PATENT APPLICATION 



@ Application number: 95301038.6 
(g) Date of filing : 17.02.95 



©Intel.": A61 LI 5^60 



@ Priority : 17.02.94 JP 20295/94 
22.03.94 JP 50365/94 

(43) Date of publication of application : 
23.08.95 Bulletin 95/34 

@ Designated Contracting States : 
DE FR GB IT 

@ Applicant : NIPPON SHOKUBAI CO., LTD. 
1-1, Koraibashi, 4-chome 
Chuo-ku. Osaka-shI, Osaka-fu 541 (JP) 

@ Inventor : Dairoku, Yorimicht 
1-24. Miyake, Shikama-ku 
Hlmeji-shi, Hyogo-ken (JP) 



Inventor: Nagasuna, Kinya 
&406.0931-11, Hamada, Aboshi-ku 
HimeJi-shU Hyogo-ken (JP) 
Inventor : Masuda, Yoshihlko 
1-14-21, Sakasegawa 
Tarazuka-shi, Hyogo-ken (JP) 
Inventor : Harada, NobuyukI 
3-1007, 4-41, Yamada-higashi 
Suita-shI, Osaka-fu (JP) 
Inventor: Motono. Yoshihiro 
A-104, 931-11, Hamada, Aboshi-ku 
Himeji-shI, Hyogo-ken (JP) 
Inventor : Ishizaki, Kunihiko 
A6-101, 2-7, Aoyamadai 
Suita-shi, Osaka-fu (JP) 

@ Representative : Rees, David Christopher et al 
Kllbum & Strode 
30 John Street 
London WC1N 2DD (GB) 



@ Water-at>sorbent agent, method for production thereof, and ¥rater-absort»ent composition. 



@ A method for the production of a water- 
absorbent agent conr^prises mixing an absor- 
bent resin containing a carboxyl group with an 
additive soluble in the aqueous solution of at 
least one member selected from the group con- 
sisting of Inorganic acids, organic adds, and 
pdyamlno acids and a cross-linking agent cap- 
able of reacting with the carboxyl group. A 
water-absorbent agent obtained by adding from 
0.005 to 8 parts by weight of an epoxy com- 
pound to 100 parts by weight of a water- 
absort>ent resin, exhibiting an absorption 
capacity without load of at least 45 (g/g), an 
absorption capacity under load of 20g/cm^ of 
not less than 30 (m!/g) and having a residue 
amount of an epoxy compound of not more 
than 2 ppm. A water-absorbent composition 
comprises a polyamino ackJ (salt) and a 
water-absorbent resin containing a cartwxyl 
group. 
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This invention retates to a water-absorbent agent, a method for the production thereof, and a water-at>- 
sorbent composition. More particularly, it relates to a water-at>sorbent agent manifesting as high an absorption 
capacity even under load as without load, excelling in safety as evinced by the absence from the resin surface 
of a residue of the cross-linlcing agent of high reactivity, and befitting sanitary materials and to a method for 

5 the production thereof. It also retates to a novei water-absorbent composition which exhibits an excellent water- 
at>sorbent property to such body liquid as urine, blood, and secretions, enjoys unusual gel stability, and also 
excels in the f lowability after absorbing moisture, the ability to resist static charge, and the rustproof Ing effect. 

tn recent years, the water-at>sort>ent resins have been in extensive use as one of the component materials 
of such sanitary materials as disposable diapers and sanitary napkins for the purpose of absorbing body liquid. 

10 The water-absorbent resins of this class heretofore known to the art include partially neutralized cross- 

linked polyacrylic ackls (JP-A-55-84,304. JP-A-5&-1 08,407. JP-A-55-133,413, US-A-4.654.039. and US-A- 
4,286,082). hydrolyzed starch-acrylonitrile graft polymers (JP-A-46-43.995 and US-A-3,661,815}, neutralized 
starch-acrylic acid graft polymers (JP-A-51-1 25,468 and US-A-4,076,663), saponified vinyl acetate-acrylic es- 
ter copolymers ( J P-A-52- 14,689 and US-A-4, 124,748), hydrolyzed acrylonitrile copolymers or acrylamide co- 

15 polymers (J P-A-53- 15,959, US-A-3.935,099 and US-A-3,959,569), cross-linked derivatives thereof, cross- 
linked carboxymethyl cellulose (US-A-4650716 and US-A-4689408, and cross-linked polymer of cationic 
monomers (JP-A-58- 154 ,709, JP-A-58-154,710, US-A-4,906,717, US- A- 5, 075, 399, and EP0304143), cross- 
linked isobutylene-maleic anhydrous copolymers (US-A-4,389,513), and cross-linked copolymers of 2-acryl- 
amtde-2-methylpropane5ulfonic add with acrylic acid (EP068189). for example. 

20 The characteristic qualities which the water-absorbent resins are desired to possess include high water- 

absorption capacity and fine speed of absorption to be manifested on contract with aqueous liquids, liquid per- 
meability, high strength exhibited by the gel swelled with Tiquid, and ability to aspirate water from the substrate 
impregnated with aqueous liquid, for example. These qualities are not necessarily correlated positively to one 
another. For example, such physical properties as the liquid permeability, the gel strength, and the absorption 

25 speed are lowered in proportion as the water-absorption capacity Is heightened. 

As a measure to improve the varraus water-absorption properties of the water-absorbent resins in finely 
balanced levels, the technique of cross-linking the surface regions of water-absorbent resin particles has been 
known. Various methods have been heretofore proposed concerning the technique. 

For example, methods using pdyhydric alcohols (JP-A- 58-180,233. JP-A-61-16,903, US-A-4,734.478, 

30 and US-A-5, 164,459), a method using polyglycidyl compounds, polyadiridine compounds, polyamine com- 
pounds, and polyisocyanate compounds (JP-A-59-189,103). methods using glyoxal (JP-A-52-11 7,393 and US- 
A-4.051.086}, methods using polyvalent metals (US-A-4.043,952, JP-A-51-1 36,588. J P-A-6 1-257,235. and 
jp.A-62-7,745), methods using a silane coupling agent (US-A-4755560, JP-Ar61-211,305, JP.A-61 -252.21 2. 
and JP-A-61 -264.006). a method using a monoepoxy compound (JP-A-61-098,121), a method using an epoxy 

35 group-containing polymeric compound (US-A-4,758,617), a method using an epoxy compound and a hydroxy 
compound (JP-A-02-1 32,103), and a method using an alkylene carbonate (DE-4020780) severally as a cross- 
linking agent have been known. Besides, methods requiring the presence of an inactive inorganic powder (JP- 
A-60-1 63.956, JP-A-60-255.814, and US-A-4 .587, 308). a method requiring the presence of a dihydric alcohol 
( J P-A-0 1-292,004), a method requiring the presence of water and an ether compound (JP-A-02-1 53,903). and 

40 a method the presence of the alkylene oxide adduct of a monohydric alcohol, an organic acid salt, lactam, etc. 
(EP-0555692) in the process of a cross-linking reactkin have been known. 

These methods indeed improve the balances of the various physnal properties of the absort>ent resins. 
The degrees of these improvements, however, hardly deserve to be rated fully satisfactory. Thus, the water- 
at>sorbent resins have room for further Improvement in qualities. Particularly, in recent years, the desirability 

45 of perfecting a water-absorbent resin which is capable of exhibiting outstanding water-absorption properties 
under load, especially water-absorption capacity under load while keeping at a high level the water-absorption 
capacity without load, i.e. one of the basic physical properties of the conventional water-absorbent resins, has 
been finding popular recognition. Of course, the water-absorption capacity without load and the water-absorp- 
tion capacity under load are generally in a contradicting relation. With all the methods heretofore known to the 

50 art. the needs of further technical Improvements have not been fully satisfied. 

Besides, the water-absorbent resins have the problem of requiring use of a cross-linking agent in cross- 
linking the surface region of water-at>sorbent resin particles and tnevitat>ly suffering this cross-linking agent 
to persist as a residue on the surface of resin particles. This problem is absent when the cross-linking agent 
so used has low reactivity and high safety as in the case of a polyhydric alcohol. When the cross-linking agent 

55 has high reactivity as in the case of an epoxy compound, though the cross linking in the surface regk>n proceeds 
quickly and, the fact remains that the crosslinking agent itself has the nature of irritating the skin and, when 
suffered to persist on the surface of resin, jeopardizing the safety of sanitary materials using the crosslinked 
absorbent resin. This gives rise to a new problem from the viewpoint of safety. 
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The method which, for the purpose of decreasing the amount of the fraction of a cross-linlcing agent being 
used for cross-linking the surface region which persists as a residue in the resin, comprises initiating the cross- 
linking reaction of the surface region of resin at a specific water content and adding a specific amount of water 
to the cross-linking reaction system while the reaction is in progress has been known (JP-A-03-295,705). This 

5 method, however, not only entails a complicated process but also fails to decrease the amount of a residue of 
the cross-linking agent sufficiently. 

The methods described above fulfill, though not thoroughly, the improvement of the balances of various 
physical properties of water-absorbent resins and the enhancement of the absorption capacity of the water- 
absorbent resins under load. They at times prove undesirable from the viewrpoint of safety because the cross- 

10 linking agent used for cross-linking the surface region of the water-absorbent resins particles possibly leaves 
behind a persistent residue In the polymer. 

They have further problems of low f lowabllity (blocking) with the high hygroscopicity of the produced water- 
absorbent resins itself which renders difficult the work of fabricating the water-absorbent resins under the con- 
ditions of high temperature and high humidity, the susceptibility of the water-absorbent resins to static charging 

15 which degrades the ease of handling, and the ability of the water-absorbent resins to gather rust on metal which 
induces corrosion of the devices to be used for the work of fabrication. Further, when the liquid to be absorbed 
is blood, the absorption capacity of the water-absorbent resins Is degraded because the blood components 
of the blood being absorbed by the water-absorbent resins envelope the individual water-absorbent resins par- 
ticles and eventually obstructing them from continuing their functton as a water-absorbent. The water-absor- 

20 bent resins heretofore known have not t>een always given fully satisfactory results particularly in such appli- 
cations as sanitary napkins, for example. 

Then a method which attains the purpose of improving the water-absorbing power of water-absorbent res- 
Ins relative to blood by adding such compounds as common salt and polyether to the water-absorbent resins 
has been proposed (JP-A-58-501,107. J P- A- 55-50,357, JP-A-54-70,694, US-Re 33839, EP-A-0009977, US- 

25 A-4,190,563, etc.). Indeed, this method Is effective to some extent in preventing the Individual water-absorbent 
resins particles from conglomeration, it actually cannot bring about the expected effect because the added 
compound either degrades the water-absorbent resins' own absorption capacity or falls to increase the suction 
power to blood. 

An object of this invention, therefore, is to provide an absorbent agent manifesting as high an absorption 
30 capacity even under load as without load, excelling in safety as evinced by the absence from the resin surface 
of a residue of the cross-linking agent of high reactivity, and t>ef itting sanitary materials and to a method for 
the productk>n thereof. 

Another object of this invention is to provide a novel water-absorbent compositton. wherein a water-atv 
sorption capacity, especially an absorption property to blood is sufficient and workability and safety are sat- 

35 Isf led, a method for the productton thereof, and a water-absorbent structure and a water-absorbent article both 
containing the water-absorbent composition. 

The water-at>sorbent composition of this invention is adapted for disposable diapers, sanitary napkins, jigs 
for use on patients of incontinence, such water- absorbent articles as Injury protecting materials and injury cur- 
ing materials which serve the purpose of absorbing body liquid, or biotechnology applications. 

40 The Inventors, as a result of a diligent study pursued for accomplishing the objects mentioned above, have 

found that when a specific additive is used in the production of a water- absorbent agent by mixing a water- 
absorbent resin containing a carboxyl group with a cross-linking agent capable of reacting with the cartmxyl 
group, the water-absorbent agent exhibiting a preeminently excellent water-absorption capacity under load 
while retaining various absorption qualities, particularly water-absorption capacity without load, at high levels 

45 and, even when the cross-linking agent has high reactivity, suppressing notably the amount of a residue of the 
cross-llnldng agent is easily obtained and that a specific water-absorbent composition is remarkably superior 
in absorption of blood. This invention has been perfected on the basis of this knowledge. 

The various objects described above are accomplished by a method for the production of a water-absor- 
bent agent which comprises mixing a water-absorbent resin containing a carboxyl group with an additive soluble 

50 in an aqueous solution of at least one member selected from the group consisting of Inorganic acids, organic 
acids, and polyamino acids and a cross-linking agent capable of reacting with the carboxyl group. 

This invention also concerns the method which comprises mixing the water-absorbent resin with the ad- 
ditive and the cross-linking agent and subsequently subjecting the mixture to a heat treatment at a temperature 
in the range of from 100*" to 230*'C. This invention also concerns the method which comprises preparatorily 

55 mixing the additive and the cross-linking agent and subsequently adding the mixture to the water-absorbent 
resin. This invention also concerns the method, wherein the additive Is at least one member selected from the 
group consisting of saturated organic carboxyllc acids, saturated inorganic acids of elements of Group 3 in 
the periodic table of elements, and poly(monoaminodicarboxylic adds). This invention also concerns the meth- 
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od, wherein the absorbent resin containing a carboxyl group is obtained by polymerizing a hydrophilic monomer 
having acrylic acid and/or a salt thereof as a main component thereof. This invention also concerns the method, 
wherein the cross-linking agent capable of reacting with the carboxyflc group is an epoxy compound. This in- 
vention also concerns the method, wherein the acid dissociation index (pKa value) of the additive is in the range 

5 of from 2.0 to 4.0. This invention also concerns the method, wherein the additive is a saturated organic car- 
boxyl ic acid. This invention also concerns the method, wherein the saturated organic carboxyltc acid is at least 
one compound selected from the group consisting of citric acid, succinic acid, and lactic acid. This invention 
also concerns the method, wherein the mixing Is effected by the use of from 0.01 to 5 parts by weight of water 
based on 100 parts by weight of the absorbent iBsin. This invention also relates to the method, wherein the 

10 water-absorbent resin comprises Irregular broken particles of an average particle diameter of from 200 to 
600^m and includes not more than 10% by weight of a fraction of particles of less than 150^ in diameter. 
This Invention also concerns the method, wherein the additive « used at a ratio in the range of from 0.01 to 
5 parts by weight to 1 00 parts by weight of the water-absorbent resin. This invention also relates to the method, 
wherein the water-absort>ent resin has a water content in the range of from 1 to 10%. 

IS The objects mentioned above are further accomplished by a water-absorbent agent obtained by adding 

from 0.005 to 8 parts by weight of an epoxy compound to 1 00 parts by weight of a water-absort>ent resin con- 
taining carboxyl group, exhibiting an absorption capacity without load of not less than 45 (g/g) and an absorption 
capacity under a load of 20 g/cm^ of not less than 30 (ml/g) and having a residue amount of an epoxy compound 
of not more than 2 ppm. 

20 This Invention also concerns the water-absorbent agent, wherein a hydroxy! group-containing saturated 

organic ackl is contained at a concentration in the range of from 0.01 to 5% by weight (based on the water- 
absorbent resin). This Inventbn also concerns the water-absorbent agent, wherein the absorptk>n capacity un- 
der load of 20 g/cn>2 is not less than 35 (ml/g) and the epoxy compound is no longer detected. 

The objects mentioned above are further accomplished by a water-absorbent compositton comprising a 

25 polyamino acid (salt thereof) and a water-absorbent resin containing a carboxyl group. 

This invention also concerns the composition, wherein the water-absorbent resin is a cross-linked polymer 
of acrylic acid (salt). This invention also concerns the composition, wherein the ratio of the polyamino acid (salt) 
is from 0.01 to 30 parts by weight to 100 parts by weight of the water-absorbent resin. This invention also con- 
cerns the composition, wherein the polyamino acid (salt) is at least one member selected from the group con- 

30 sisting of polyaspartic add (salt), polyglutamic acid (salt), and polylysine (salt). 

The various objects are further accomplished by a water-absorbent cximposition comprising a water-ab- 
sorbent resin exhibiting an absorption capacity of at least 25 g/g to physiological saline solution without load 
and a suction power of not less than 14 g/g to physiological saline solutton and a suction power of at least 7 
g/g to bovine blood. 

35 The various objects are further accomplished by a water-absort)ent structure comprising 10 to 95 parts 

by weight of a water-absorbent composition containing a polyamino acid (salt) and a water-absorbent resin 
having a carboxyl group and 90 to 5 parts by weight of a hydrophilic fibers. 

This invention also concerns the water-absorbent structure which further comprises up to 40 parts by 
weight of a thermoplastic fibers. This invention also concerns the water-absort>ent structure, wherein the den- 
40 sity is in the range of from 0.08 to 0.5 g/cc. 

The various objects are further accomplished by a water-absorbent structure comprising 50 to 95 parts 
by weight of a water-absorbent composition formed of a water-absorbent resin exhibiting an absorptbn ca- 
pacity of at least 25 g/g to physiological saline solution without load and a suction power of not less than 14 
g/g to physkiloglcal saline solution and a suction power of at least 7 g/g to bovine blood and 50 to 5 parts by 
45 weight of a hydrophilic fibers. 

This invention also concerns the water-absorbent structure, which further comprises up to 40 parts by 
weight of thermoplastic fibers based on 100 parts by weight of the hydrophilic fibers. This invention also con- 
cerns the water-absorbent structure, wherein the density is in the range of from 0.06 to 0.5 g/cc. 

The various objects are further accomplished by a water-absorbent article furnished with the water-at>- 
50 sorbent structure mentioned above and/or the water-absort>ent composition mentioned above. 

The method of this invention permits easy and convenient manufacture of a water-absorbent agent which 
exhibits as high an absorption capacity even underload as without load, excels In safety, and befits sanitary 
materials. 

The water-absorbent agent of this invention exhibits a high absorption capacity without load and a very 
55 high absorption capacity under load, allows no occurrence on the resin surfece of a residue of a cross-linking 
agent of high reactivity, permits high diffuston of liquid, and does not readily migrate in or exfoliate from pulp 
and, therefore, is advantageously adapted for such absorbent articles as disposat)le diapers and sanitary nap- 
kins and other sanitary materials. 
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The operation and the effect of the pofyamino acid (salt) in the water-absorbent composition of this Inven- 
tion have not yet been fully elucidated. It has no problen^ from the viewpoint of safety and hygiene. The poly- 
amino acid (salt), when added In a small amount to the water-absort>ent resins, enables the quality of the water- 
absorbent resins to be conspicuously enhanced. The water-absorbent composition of this invention, therefore, 
5 is advantageously adapted for disposable diapers, sanitary napkins, jigs for use on patients of incontinence, 
such water-at)Sorbent articles as Injury protecting materials and injury curing materials which serve the pur> 
pose of absorbing body liquid, or biotechnology applications. Thus, this invention contributes immensely to the 
growth of the Industry concerned. 

Figure is a cross section of a device used in this invention for the measurement of absorption capacity 
- 10 under load. 

The cartx>xyt group-containing water-at>sorbent resin useful for this invention Is a well-known resin which 
Is obtained, for example, by polymerizing a hydrophiiic monomer having an acrylic acid or a salt thereof as a 
main component and which, on exposure to water, absorbs a large volume of water, preferably absorbs phys- 
iological saline without load in an amount of 10 to 1 00 times and forms a substantially water-insoluble hydrogei. 

15 The water-absorbent resins of this class include partially neutralized cross-linked polymers of polyacrylic acid 
(US-A-4.625.001. US-A-4.654.039. US- A- 5. 250. 640, US-A-5.275.773. EP-A-456136, etc.). a cross-linked par- 
tially neutralized starch-acrylic acid graft polymer (US-A-4,076.663), a cross-linked isobutylene-maleic acid 
copolymer (US-A-4,389,513), a saponified vinyl acetate-acrylic acid ester copolymer (US-A-4, 124,748), a hy- 
drolyzed acrytamide (co)polymer (US-A-3.959,56g), and a hydrolyzed acrylontrile polymer (US-A-3,935-099). 

20 cross-linked carboxymethyl cellulose (US-A-46S0716 and tJS-A-4689408), for example. Among other water- 
absortwnt resins cited above, the cross-linked polymer of a polyacrylic acid salt proves particularly desirable. 
The cross-linked polymer of the polyacryik; acid is preferable to be such that 50 to 90 mol% of the acid group 
in the polymer is neutralized. As typical examples of the salt, alkali metal salts, ammonium salts, and amine 
salts may be cited. 

25 When the water-absorbent resin is obtained by polymerizing a hydrophiiic monomer having acrylic acid 

and/or a salt thereof as a main component thereof, for example, the acrylic acid or the salt thereof may be bo- 
polymerized with other monomer (US-A-533B810 and EP-0574260). As typical examples of the monomer usa- 
ble for the copolymerization, anionically unsaturated monomers such as methacrytic acid, maleic acid, ^-ac- 
ryloyloxy propionic acid, vinyl sulfonic acid, styrene sulfonic acid, 2-(meth)acrylamide-2-methyl propanesul- 

30 fonto acid, 2-(meth)acryloyt ethanesulfonic acid, and 2-(meth)acryloyl propanesulfonic acid and salts thereof; 
nonionic hydrophiiic group-containing unsaturated monomers such as acrytamide, methacrylamide, N-ethyl- 
(meth)acry1amide, N-n-propyl <meth)acrylamide, N-isopropyl(meth)acrylamide, N.N-dimethyl 
(meth)acrylamide, 2-hydroxyethyl(meth)acrytate, 2-hydroxypropyt (meth)acrylate, methoxy polyethylene gly- 
col (meth)acrylate, polyethylene glycol mono(meth)acrylate, vinyl pyridine, N-vinyl pyrrolidone, N-acryloyI pi- 

35 perldine, and N-acryloyI pyrrolidine; and cationically unsaturated monomers such as N.N-dimethyl amino- 
ethyl(meth)acrylate, N,N-diethyl aminoethyl(meth)acfylate, N.N-dimethyl aminopropyl(meth)acrylate, N.N-di- 
methyl aminopropyl (meth)acrylamide. and quaternary salts thereof may be cited. The amount of the monomer 
to be used is generally in the range of from 0 to 50 mol%. preferably from 0 to 30 mol%, most preferably from 
0 to 10 mol%, based on the amount of all the components monomers for the copolymerization. 

40 As the water-absorbent resin for use in this invention, although it has a cross-linking structure, the water- 

at>sort>ent resin obtained by the ^polymerization or the reaction using an inner cross-linking agent having not 
less than two polymerizing unsaturated groups or not less than two reacting groups or tx>th of polymerizing 
unsaturated group and reactive group is more preferable than the absorbent resin of the self-cross-linking type 
which has no use for a crosslinking agent 

45 As typical examples of the inner cross-linking agent. N.N*-methylene-bis(meth)acrylamide, (poly)-ethylene 

glycol dl(meth) acrylate, (poly)propylene glycol dl(meth)acrylate, trimethytol- propane tri(meth)acrylate, trime- 
thylolpropane di(meth) acrylate, glycerol tri(meth)acrylate, glycerol acrylate methacrylate. ethylene oxide- 
modified trimethylol propane tri(meth)acrylate, pentaerythritol tetra(meth)acrylate. dipentaerythritol 
hexa(meth)acrytate. triallyl cyanurate, triallyl isocyanurate, triallyl phosphate, triallyl amine, poly (meth)allyloxy 

50 alkane, (poly) ethylene glycol diglycidyl ether, glycerol diglycidyl ether, ethylene glycol, polyethylene glycol, pro- 
pylene glycol, glycerol, pentaerythritol, ethylene diamine, polyethylene imine, ethylene carisonate, and glyci- 
dyl(meth)acrylate may be cited. These internal cross-linking agents, when necessary, may be used in the form 
of a combination of two or more members. From the viewpoint of the water-at»sorptlon characteristics of the 
produced water-at>sorbent resin, it is particularly preferable to use essentially a compound having not less than 

55 two polymerizable unsaturated groups as an inner cross-linking agent. The amount of the inner cross-linking 
agent to be used is preferable to be in the range of from 0.005 to 2 mol%, preferably from 0.01 to 1 mol%, 
based on the monomer components mentioned above. 

The monomers to be polymerized may incorporate therein a hydrophiiic polymeric compound such as 
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starch or cellulose, starch derivatives or cellulose derivatives, polyvinyl alcohol, polyacryllG acid (salt), or cross- 
linked polyacrylic acid (salt), a chain transfer agent such as hypophosphorous acid (salt), surfactants, and 
foaming agents such as cartonates, etc. 

The compounds for addition to these monomers are disclosed in US-A-4 ,076,663, US-A-4,286,082, US- 

5 A-4.320.040. US-A-4.833.222, US-A-5.118.719, US-A-5.1 49,750, US-A-5. 154,7 13, US- A- 5,264, 495, EP-A- 
03729831, and EP-A-0496594, for example. 

In the polymerization of the monomer for the production of the water-absorfoent resin for use in this inven- 
tion, though bulk polymerizatton or precipitation polymerization is available, it is preferable to prepare the mono- 
mer In the form of an aqueous solution and subjecting the aqueous solutkHi to solution polymerization or re- 

10 vereed-phase suspenskin polymerization from the viewpoint of the quality of product and the ease of control 
of polymerization. Concentration of the aqueous solution is in the range of from 10 to 70% by weight, preferably 
from 20% by weight to a saturated concentration. 

Such polymerization methods are described in, for example, US-A-4625001, US-A-4769427, US-A- 
4873299, US-A-4093776. US-A-4367323, US-A-4446261 . US-A-4552938. US-A-4654393, US-A-4683274, 

15 US-A^690996, US-A-4721647. US-A-4738867. US-A-474807e. US-A-4985514, US-A-5124416. US-A- 
5247225 and US-A-5250640. 

The polymerization may be initiated by the use of a radical polymerization initiator such as potassium per- 
sulfate, ammonium persulfate, sodium persulfate, t>butyl hydroperoxide, hydrogen peroxide, or 2,2'-azo-bis- 
(2-amidinopropane) dihydrochloride or by dint of an active energy radiation such as ultraviolet light or an eiec- 

20 tron ray. but it is preferable to use the radical polymerization initiator. When an oxidizing radical polymerization 
initiator is used, such a reducing agent as sodium sulfite, sodium hydrogen sulfite, ferric sulfate, or L-ascorbic 
acid (salt) may be additionally used to effect redox polymerization. These polymerization initiators and reducing 
agents may be used in two kinds or more, and an amount thereof to be used is generally in the range of from 
0.001 to 2 mol%, preferably from 0.01 to 0.5 mol% based on the monomer. 

25 The gel polymer which results from the polymerization is preferably dried. This drying may be effected by 

any of the known methods such as hot air drying, drying with specific steam (US-A-4920202), microwave dry- 
ing (US-A-5075344), Infrared drying, vacuum drying, drying by means of a drum drier, and azeotropic dehy- 
dration in a hydrophobic organic solvent The drying is effected at a temperature in the range of from 70* to 
SOO^C. preferably from 100** to 250*'C. The gel polymer may be finely divided prior to the drying by the method 

30 disdosed in US-A-5,275,773. The supply of the gel polymerto the drier may t>e controlled by the method taught 
In US-A-5,229.487. 

To be used advantageously for this inventkin, the water-absort}ent resin obtained by the polymerization 
described above assumes the shape of irregular broken particles, beads, sheets, fibers, rods, and rough 
spheres. For the purpose of obtaining a water-absorbent agent which manifests the effect of the invention to 

3S the fullest possible extent and exhibits high absorption capacity under load as without load and excels in safety 
owing to the absence of an unaltered residue of a cross-linking agent, it is preferable to use as the starting 
raw material spherical or in^egular broken water-absobent resin, most preferably a water-absorbent resin which 
is obtained by the polymerization of an aqueous solution of a monomer and which comprises irregular broken 
particles of an average partide diameter of from 200 to 600^un and includes not more than 10% by weight of 

40 a fractk>n of particles of less than 150^m in diameter. If the average particle diameter is less than 200^m, the 
absorption capacity under load possibly will not be easily improved. Conversely, if it exceeds 600)im. possibly 
the speed of absorption will be unduly low and the saturatran of absorption will take an unduly long time. It 
should be noted that if the amount of the fraction of resin having parttele diameters of less than 1 SO^im exceeds 
10% by weight, the decrease of the amount of a residue of the crossi inking agent possibly will not be easily 

45 attained. 

The water-absorbent resin to be used in this invention can be handled as a powder when it has a water 
content in the range of from 1 to 50%, desirably from 1 to 20%. and more preferably from 1 to 10% after the 
resin resulting from polymerization has been dried as occasion demands. If the water content exceeds 50%, 
the cross-linking agent to be used in this invention will permeate the water-absorbent resin particles thoroughly 

50 to the cores and, in spite of the use of the at least one additive selected from the group consisting of inorganic 
acids, organic acids, and polyamino acids, the absorption capacity will be degraded and the absorption char- 
acteristics under load possibly will not t>e improved. 

The additive to be used in this invention has no particular restriction except for the requirement that it be 
an inorgank: ackl and/or an organic acid and/or a polyamino acid which is soluble in an aqueous liquid. The 

55 term "aqueous liqukJ' as used herein refers to water and a mixture of water with a hydrophiiic organic solvent. 
Only naturally, the substances which have pKa values exceeding 7.0 and, therefore, are uniquely recognized 
as t>aslc compounds or salts by persons of ordinary skill in the art do not belong to the inorganic or the organic 
adds mentioned above. 
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The term "organic acids" as used in this invention refers to acidic compounds which are formed of cartx>n» 
hydrogen, and oxygen elements and are represented by organic cart)Oxylic acids, organic sulfonic acids, and 
organic sulfinic acids. Among organic acids cited above, the organic carboxylic acids prove particularly pre- 
ferable. Further, in all the organic cart>oxylic acids, saturated organic carboxylic acids prove desirably and hy^ 

5 droxy group-containing saturated organic carboxylic acids prove particularly preferable. 

Then, the term "inorganic acids" refers to acidic compounds which are formed of inorganic sul)stances and 
hydrogen elements. The inorganic substances are desired to be inorganic acids of elements of Group 3 in the 
Periodic Table of Element inclusive essentially of at least one member of phosphorus, sulfur, and chlorine, pre- 
ferably saturated inorganic acids of elements of Group 3 in the Periodic Table of Elements. The term "saturated 

to inorganic acids'* as used In this invention refers to inorganic acids having relevant inorganic substances in the 
most stable state of oxidation where the inorganic substances are capat)le of assuming a plurality of states of 
oxidation. The inorganic acids which contain phosphorus of the positive pentavalent (+5) form, sulfur of the 
positive hexavalent (^6) form, and chlorine of the negative monovalent (-1) form are examples. 

As concrete examples of the additive described above, inorganic acids such as pyrophoshoric acid trlpo- 

16 lyphosphoric acid, phosphoric acid, sulfuric acid, and hydrochloric acid and organic acids such as anisic acid, 
benzoic acid, formic acid, valeric acid, citnc acid, glyoxylic acid, glycolic acid, glycerin phosphoric acid, glutaric 
acid, chloroacetic acid, chloropropionic acid, cinnamic acid, succinic acid, acetic acid, tartaric acid, lactic acid, 
pyruvic acid, funr^ric acid, propionic acid, 3-hydroxypropionlc acid, malonic acid, butyric acid, isobutyric acid, 
imidinoacetic acid, malic acid, isothionic acid, citraconic add, adipic acid, Itaconic acid, crotonic acid, oxalic 

20 acid, salicylic acid, gluconic acid, gallic acid, sorbic acid, gluconic acid, and p-oxybenzoic acid may t>e cited, 
tf such organic or inorganic acid is substituted by a basic compound or a salt, the absorption characteristics 
under load will not t)e improved at all and the decrease of the amount of a residue of the cross-linking agent 
used for cross-linking the surface region will be unduly small. Further, even if the organic or inorganic salt is 
added prior to the polymerization, it is meaningless. 

25 The inorganic acid and the organic acid are preferable to be such that the acid dissociation index (the pKa 

value which is the logarithm of the reciprocal of the acid dissociation constant) thereof in an aqueous solution 
may be in the range of from 2.0 to 4.0. For example, one or more members selected from the group consisting 
of phosphoric acid, pyrophosphoric acid, tripoly-phosphoric acid, citric acid, succinic acid, and lactic acid are 
favorably used. In all the additives which have acid dissociation indexes (pKa values) in the range of from 2.0 

30 to 4.0, and among them, organic acids prove preferable. Further, a molecular weight of the organic acids and 
inorganic acids are preferable in the range of 30 to 1000, more preferably 60 to 500. Among the above- 
mentioned saturated organic ackf s and inorganic acids of elements of Group 3 in the Periodic Table of Element, 
such saturated organic cartx>xlic acids as succinic acM, citric acid, and lactic acid, especially hydroxyl group- 
containing saturated organic carboxylic acids prove more preferable. The acid dissociatton index is described 

35 in Basic Volume. Chemical Handbook, 3rd edition, pp. 11-337 to 342, published by Maruzen Book Co., Ltd. and 
the pieces of literature indicated in the footnote thereof. 

In the surface cross-linkage contemplated by this invention, a polyamino acid is favorably used besides 
the organic acid and the inorganic acid described above to accomplish the desire to decrease the amount of 
a residue of the cross-linking agent and improve the absorption capacity under load. From the viewpoint of 

40 effective reduction of the amount of a residue of the cross-linking agent which constitutes one of the objects 
of this invention, the saturated organic cartx>xyilc acids mentioned above excel polyamino acMs. The essential 
use of a polyamino acid, however, brings at>out prcvninent effects of notably improving the absort>ent resin's 
ability to absorb blood, etc., as will be described specifically afterward, separately of the effect of the inorganic 
and the organic acid. 

45 As examples of the polyamino acid usable effectively in this invention, homopolymers of at least dimeric 

order and copolymers which have such a-amino acids, p-amino acids, and y-amino acids as aspartic acid and 
lysine coupled through the medium of peptide bonds, without reference particularly to distinction between the 
D form and the Lform, may be cited. More specifically, polyglycine, potyalanine. polyvaline, polyleucine, poly- 
isoleucine, polyphenylalanine, polythyrosin, poly-oxy proline, polyproline, polyserine. polythreonine, polythyr- 

50 osin. polycystein, polycystine, polymethionine, polytryptophan, poly-aspartic acid, potyglutamic acid, polyly- 
sine, polyarginin. polyhistidine and copolymers thereof may be cited. Among other polyamino acids (salts) cited 
above, poly(morM>amlnodicarboxylic acids) such as polyaspartic acid and polyglutamic acid prove most pre- 
ferable, and these carboxylic group and amino group may be partially converted Into salts. As respects the 
molecular weight of the polyamino acid which is usable in this Invention, those polyamino acids (salts) of rel- 

55 atively low molecular weights of the levels of dimers. desirably pentamers, and more desirably decamers or 
the like otherwise called polypeptides up to those polyamino acids (salts) of very high molecular weights of 
several millions can be advantageously used. The molecular weight is desired to be in the approximate range 
of from 100 to 1.000,000. preferably from 1,000 to 500,000. 
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The amount of the additive to be used in this invention is generally in the range of from 0.005 to 8 parts 
by weight preferably from 0.01 to 5 parts by weight, based on 1 00 parts by weight of the sofids of the water- 
absorbent resin, though variable with the cross-linking agent to be used for cross-l inking the surface region of 
the absorbent resin particles. If this amount exceeds 8 parts by weight, the excess will neither bring about any 

5 economic benefit nor contribute to the accomplishment of the optimum effect of cross-linkage aimed at by this 
invention. Conversety, if the amount is less than 0.005 part by weight, the additive will not be fully effective 
in improving the absorption characteristics under load or in decreasing the amount of a residue of the cross- 
linking agent The most preferable amount Is in the range of from 0.1 to 3 parts by weight In the case of a 
polyamino acid, the amount for effective use may be increased up to 30 parts by weight for the reason which 

10 will be described hereinafter. 

The expression "cross-linking agent capable of reacting with a cartx>xyl group* and usable in this invention 
means that this cross-linking agent reacts with a carboxyl group by forming a covalent bond or an ionic bond 
therewith. Numerous well-known cross-linking agents in popular use answer this description. As concrete ex- 
amples of the cross-linking agent polyhydric alcohol compounds such as ethylene glycol, diethylene glycol. 

IS propylene glycol, triethytene glycol, tetraethylene glycol, polyethylene glycol, propylene glycol. 1.3~propane- 
diol. dipropytene glycol. 2,2,4-trimethyt-1,3-pentadiol, polypropylene glycol, glycerol, polyglycerol, 2-butene- 
1,4-diol, 1,4-butanediol, 1,5-pentanedioi, 1 .6-hexanediol, 1,2-cyclohexane dimethanol. 1 ,2-cyclohexanol, tri- 
methylol propane, diethanol amine, triethanot amine, polyoxypropylene, oxyethylene-oxypropylene block co- 
polymer, pentaerythritol. and sorbitol; epoxy compounds such as ethylene glycol diglycidyl ether, polyethylene 

20 diglycidyl ether, glycerol polyglycidyl ether, diglycerol polyglycidyl ether, polyglycerol polyglycldyl ether, propy- 
lene glycol diglycidyl ether, polypropylene glycol diglycidyl ether, and glycidol; polyamine compounds such as 
ethylene diamine, diethylene triamine, triethylene tetramine, tetraethylene pentamine, pentaethylene hexam- 
ine. polyamide polyamine, and polyethylene imine and epihalohydrin condensates with these polyamine conv 
pounds; polyisocyanate compounds such as 2,4-tolylene diisocyanate and hexamethylene diisocyanate; poly- 

25 oxazoline compounds such as 1,2-ethylene-bis-oxazoIine; silane coupling agents such as y-glycidoxypropyl 
trimethoxy silane and y-amino propryl trimethoxy silane; alkylene carbonate compounds such as 1 ,3-d)oxolan- 
2-on, 4-methyl-1,3-dloxolan-2-on. 4.5-dimethyl-1.3-dioxolan-2-on, 4,4-dimethyl-1 ,3-dioxo!an-2-on, 4-ethyl- 
1,3-dioxolan-2-on,4-hydroxymethyt-1,3-dioxolan-2-on, 1,3-dioxan-2-on, 4-methyl-1,3-dioxan-2-on, 4,6-dime- 
thyl-1,3-dioxan-2-on, and 1 ,3-dioxolan-2-on; haloepoxy compounds such as eprchlorohydrin, epibromohydrin. 

30 and a-methyl epichlorohydrin; and polyvalent metal compounds such as hydroxides and chlorides of zinc, cal- 
cium, magnesium, aluminum, iron, and zirconium may be cited. These crosslinking agents may be used either 
singly or in the form of a mixture of two or mom members. And among these cross-linking agents, at least one 
member selected from the group consisting of the polyvalent alcohols, epoxy compounds, alkylene carbonate 
compound, polyamine compounds and epihalohidrin condensate thereof are preferable. 

35 For the purpose of attaining the effects of this invention to the fullest possible extent it is desirable to use 

an epoxy compound as an essential component of the crosslinking agent In this case, the effects of this in- 
vention may be manifested more conspicuously by using two or more kinds of cross- 1 inking agents having sol- 
ubility parameters in different ranges as shown in EP Application No. 93101068.5 and USSN 08/167,077. 
When at least two kinds of the cross-linking agents are used, a first cross-linking agent which can prefer- 

40 ably be used in this invention is required to possess a solubility parameter (SP value) of 12.5 (caUcw^y^ and 
exhibit reactivity with a carboxyl group. The solubility parameter (SP value) is used generally as a factor rep- 
resenting the polarity of a given compound. This inventton adopts the numerical value of the solubility para- 
meter 8 (cal/cm3)i^ of solvent reported in the "Polymer Handbook,* third edition (Wiley Interscience Corp), VII- 
527 to 539. For a crosslinking agent which is not included in the table, this invention proposes to adopt the 

45 numerical value 5 {caUomPy^ which is derived by substituting the Hoy's cohesive energy constant reported in 
VII-525 ibidem in the Small's formula found in VII-524 ibidem. 

As typical examples of the first cross-linking agent which possesses such a solubility parameter (SP value) 
of not less than 12.5 [(cal/cm3)^'2] and exhibits reactivity with a cart)Oxyt group, ethylene glycol, propylene gly- 
col, glycerol, polyglycerol. pentaerythritol. sorbitol, ethylene carbonate, propylene carbonate, etc. may be cited. 

50 One member or a mixture of two or more members selected from among these examples may be used effec- 
tively. Preferably, this solubility parameter (SP value) is in the range of 13.0 to 18.0 (cal/cm^)^'^. 

When at least two kinds of the cross-linking agents are used, a second cross-linking agent which is effec- 
tively usable in this invention is preferable to possess a solubility parameter (SP value) of less than 12.5 
{c&Ucm3y^ and exhibit reactivity with a carboxyl group. As typical examples of the second cross-linking agent 

55 diethylene glycol, triethylene glycol, tetraethylene glycol, dipropylene glycol, tripropylene glycol, 1,3-butane- 
diol, 1 .4-butane-diol, 1,5-pentanediol, 2,4-pentanediol, 1, 6-hexanediol, 2,5-hexanediol. trimethylol propane, 
diethanolamine, triethanoiamine, ethylene glycol diglycidyl ether, polyethylene glycol diglycidyl ether, glycerol 
polyglycidyl ether, diglycerol polyglycidyl ether, polyglycerol polyglycidyl ether, propylene glycol diglycidyl 
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ether, polypropylene glycol dtglycrdyl ether, ethylene diamine, diethylenetnamine, triethytenetetramine. 2,4-tol- 
ytene diisocyanate, hexamethylene diisocyanate, 4,5-dinnethyl-1 ,3-dioxotarv2-on, epichlorohydrin. and eplbro- 
mohydrin may be cited. One nnember or a mixture of two or more members selected from among these cross- 
linking agents can be used effectively herein. Preferably, the solubility parameter (SP value) is in the range 

5 between not less than 9.5 (cal/cm^)^/^ and less than 12.0 (cal/cm^)^'^. 

When at least two kinds of the cross-linking agents are used, the selection of the first and second cross- 
linking agents is preferable to be such that the difference between the solubility parameter (SP value) of the 
first cross-linking agent and the solubility parameter (SP value) of the second cross-linking agent is not less 
than 2 (cal/cmS)^'^. if the difference of the two solubility parameters (SP values) is less than 2 (cal/cm^)^'^, the 

10 possibility arises that the effect to be derived from the use of these two species of cross-linking agent will not 
be easily manifested and the improvement of absorption properties under load will be attained with difficulty. 
Preferably, the selection of the first and second cross-linking agents is such that the difference of the solubility 
parameter (SP value) of the first cross-linking agent and the solubility parameter (SP value) of the second 
cross-linking agent is not less than 3 (cal/cnr>3)^'2. 

IS The first cross-linking agent is preferable to have a molecular weight of not more than 200 and the second 

crossltnking agent to have a molecular weight of not more than 350. If the molecular weight of the first cross- 
linking agent exceeds 200, the possibility ensues that the first crosslinking agent will not permeate the particles 
of the absorbent resin as the base polymer deeply through the surface thereof but tend to stagnate in the sur- 
face region thereof and the absorption properties of the produced absorbent resin under load will be improved 

20 with difficulty. If the molecular weight of the second cross-linking agent exceeds 350. the possibility arises 
that this second cross-linking agent will only sparingly permeate the particles of the absorbent resin as the 
base polymer and the absorptk>n properties of the produced absorbent resin underload w\\ be improved only 
with diffteulty. Preferably, the first cross-linking agent has a molecular weight in the range of 50 to 150 and 
the second cross-linking agent a molecular weight in the range of 150 to 300. 

25 In the present invention, the additive Is effective in optimizing the distribution of the cross-linking agent, 

enabling the produced absorbent agent to exhibit a high absorption capacity underload, decreasing the amount 
of a residue of the cross-linking agent. When an epoxy compound abounding in reactivity is used as the ad- 
ditive, the effect in decreasing the amountof a residue of the cross-linking agent is especially prominent. Thus, 
the water-absorbent agent of high safety which excels in absorption characteristics and befits sanitary mate- 

30 rials can be obtained with high efficiency from the viewpoint of process. 

The amount of the cross-linking agent to t>e used in this invention is generally in the range of from 0.001 
to 10 parts by weight, preferably from 0.005 to 8 parts by weight, more preferably from 0.01 to 5 parts by weight, 
and most preferat>ly from 0.02 to 2 parts by weight, based on 100 parts by weight of the solids of the water- 
absorbent resin of this invention, through variable with the kind of cross-linking agent to be used. So long as 

35 the amount of the cross-linking falls within the range specified aliove, the produced water-absorbent resin ex- 
hibits fine absorptbn characteristics under load. If this amount exceeds 10 parts by weight, the excess will 
neither bring about any economic advantage nor make any contribution to the accomplishment of the proper 
effect of cross-linkage but tend to give rise to a residue in spite of the use of the additive of this invention. Corv 
versely, if this amount Is less than 0.001 part by weight then the crosslinking agent will not t>e amply effective 

40 in exalting absorption characteristics under load. 

Further, when at least two kinds of the cross-linking agents are used, the use both first and second cross- 
linking agents mentioned atx>ve is preferable, and in such case, the amounts of the first and second cross- 
linking agents to be used in this invention are variat>le with the particular kinds of these cross-linking agents 
to be adopted. Generally, the amount of the first cross-linking agent is in the range of 0.001 to 10 parts by 

45 weight and that of the second crosslinking agent In the range of 0.001 to 10 parts by weight, respectively based 
on 100 parts by weight of the solids of the absorbent resin as the base polynner. The amount of the first cross- 
linking agent is preferably in the range of 0.01 to 8 parts by weight, more preferably 0.1 to 5 parts by weight 
and that of the second cross-linking agent is preferably in the range of 0.001 to 1 part by weight, more preferably 
0.005 to 0.5 part by weight. 

50 In this invention, it is preferable to use water in mixing the water-absorbent resin and the cross- 1 Inking 

agent. The amount of water thus used in this invention is generally in the range of from 0.5 to 5 parts by weight, 
preferat>ly from 0.5 to 3 parts by weight, based on 100 parts by weight of the solkJs of the absort>ent resin, 
though variable with the kind, particle size, and water content of the water-absorbent resin. If the amount of 
water to be used exceeds 5 parts by weight, the improvement of absorption characteristics under toad possibly 

55 will not be easily attained and the cross-linking agent will possibly tend to give rise to a residue in spite of the 
use of the additive of thisjnvention. Conversely, if the amount is less than 0.5 part by weight, the effecth/e 
improvement of absorption characteristics under load possibly wll not be easily attained. 

In this invention, the mixture of the absorbent resin with the cross-linking agent may be effected through 
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the medium of a hydrophilic organic solvent As concrete examples of the hydrophilic oigantc solvent which is 
effsctively usable herein, lower alcohols such as methyl alcohol, ethyl alcohol, n-propyl alcohol, iso-propyl al- 
cohol, n-butyt alcohol. Isobutyl alcohol, and t-butyl alcohol; ketones such as acetone; ethers such as dioxane. 
alkoxy(poly)ethylene glycols, and tetrahydrofuran; amides such as N.N-dimethyl fbrmamide; and sulfoxides 

5 such as dimethyl sulfoxide may be cited. The amount of the hydrophilic organic solvent to be used in this In- 
vention generally is in the range of from 0 to 10 parts by weight, preferably from 0.1 to 5 parts by weight, based 
on 1 00 parts by weight of the solids of the water-absorbent resin, though variable with the kind and the partlde 
size of the water-absorbent resin. 

In this invention, the mixing of the water-absort)ent resin with the cross-linking agent and the additive may 

10 be carried out in such a state as has the water-absorbent resin dispersed In an organic solvent like cydohexane 
or pentane. The inventton is manifested to the fullest possible extent To be spedf ic, this mbcture is preferatily 
accomplished by: 

1. A method which comprises preparatorily mbcing a cross-linking agent optionally containing water and/br 
a hydrophilic organic solvent with an additive and subsequently adding the resultant mixture to an absor- 
bs bent resin by either direct spraying or dropwise incorporation. 

2. A method which comprises preparatorily mixing a water-absorbent resin with an additive and subse- 
quently adding to the resultant mixture a cross-linking agent optionally containing water and/or a hydro- 
philic organic solvent by either spraying or dropwise incorporation. 

3. A method which comprises directly adding a crosslinking agent optionally containing water and/or a hy- 
20 drophilic organic solvent to a water-absorbent resin by either spraying or dropwise Incorporation and fur- 
ther mbcing an additive therewith. 

4. A method whteh comprises spraying or mbdng dropwise the additive optkinaliy with the cross-linking 
agent containing water and/or hydrophilic organic solvent parallely by two nozzes. 

From the standpoint of absorption characteristics and the effecth/e decrease of the amount of a resklue 
25 of the cross-linking agent the method 1 mentioned al>ove proves preferable. When the mixture is implemented 
through the medium of water, it may be carried out in the presence of a water-insoluble f in^y divided powder 
or a surfactant. 

The device to be used for the mixture must be capable of generating a large mixing force enough to enable 
the mixture to proceed uniformly. As concrete examples of the mixing device to be effectively usable in this 

30 invention, cylindrical mixers, double-wall conical mixers, high-speed stirring type mixers, V-shaped mixers, rib- 
bon type mixers, screw type mixers, f luldized-bed oven rotary disk type mixers, air current type mixers, twin- 
arms type kneaders, crushing type kneaders, rotary type mixers, and screw type extruders may be cited. 

This inventksn <x>ntemplates a procedure which comprises mixing a water-absort>ent resin writh a cross- 
linking agent preferably with both the cross-linking agent and an additive sinuiltaneously by the above- 

35 mentioned method 1 and then preferably further heat-treating the resultant mbcture depending on the kind of 
the cross-linking agent thereby cross-linking the surfacre region of the adhesive resin partides. 

When this invention adopts the heat treatment the temperature of this heat treatment Is desired to be in 
the range of from 80 to 300°C. If the temperature of the heat treatment is lower than 80°C. the heat treatment 
will consume time so much as to induce degradation of productivity, obstruent uniform progress of cross-linkage, 

40 possibly prevent production of a resin of high absorption characteristics under load, and suffer the cross-linking 
agent to give rise to a residue. The temperature of the heat treatment is preferably in the range of from 100 
to 230*'C, more preferably from 160 to 220°C, though variable with the kind of cross-linking agent to be used. 

The heat treatment can be performed by the use of a standard drier or a standard heating furnac^e. As 
typical examples of the heating devtee effectively usable herein, groove type combination mbcers and driers. 

45 rotary driers, dick driers, fluidized-bed type driers, air current type driers, and infrared driers may be dted. 

The water-absorbent agent which is obtained by the method of production of this invention described above 
is a product of the addition of from 0.005 to 8% by weight of an epoxy compound to a water-absorbent resin 
containing cart>oxyl group. It is water-absorption agent which exhibits an absorption capacity wihtout load of 
not less than 45 <g/g) and an absorption capacity under Icjad of 20 g/cm^ of not less than 30 (ml/g), preferably 

50 not less than 35 (ml/g), and possesses a residue amount of an epoxy cximpound concentration of not more 
than 2 ppm. preferably 0 ppm. The water-absorbent agent of this invention preferably contains from 0.01 to 
5% by weight of a saturated organic acid, preferably a hydroxy group-containhg saturated organic acid in re- 
spect of safety and absorption properties. 

(Heretofore, when the cross-linking agent such as an epoxy compound is used for surface cross-linking, it 

55 has inevitably entailed the oc^rrence of a residue of the order of from some tens to 1.000 ppm. The water- 
absorbent agent which Is obtained by this Inventton exhibits outstanding absorption characteristics both with- 
out load and under load and reveals a notable detxease of the amount of a resklue of a c:ross-linking agent of 
high reactivity on the resin surface. The cause for these advantages of this invention has not been dearly de- 



10 



EP 0 668 080 A2 



fined. They may be logically explained by a postulate that when the water>at>sorbent resin Is mixed the cross- 
linking agent with the additive of this invention, the additive discharges the role of optimizing the distribution 
of the cross-linking agent in the surface region of the water-absorbent resin particles and. at the same time, 
accelerating and uniformizing the reaction between the absorbent resin and the cross-linking agent and con> 

5 sequently notably decreasing the amount of a residue of the cross-linking agent and enabling the cross-linkage 
of uniform density gradient to be formed in the surface region of the water-absorbent resin particles. When 
the water-absorbent resin is produced in the forni of irregular broken particles as mentioned previously, it en- 
joys such advantages as high safety, thorough diffusion of lk|uid. and perfect absence of migration or exfo- 
llatton of resin particles from pulp in additton to the excellent at>sorptlon characteristics menttoned above. Thus, 

10 this absorbent resin is partteularly adapted for absorbent products such as disposable diaper and sanitary ma- 
terials. 

This inventk}n also provides a novel water-absorbent composition which comprises a polyamino acid (salt) 
and a carboxyl group-containing water-absorbent resin. As the polyamino acid(salt) for use in this water-al> 
sorbent composition, the polyamino acids previously cited as additives for the surface cross-linkage of the ab- 

15 sorbent resin mentioned above are available. Preferably, in addition to such poly(monoaminodicarboxylic 
acids) as polyaspartic acid and polyglutamic acid which are advantageously used for the surface cross-linkage, 
poiylyslne and polyarginine and more desirably such poly(diaminomonocart>oxylic adds) and salts thereof as 
potylysine are used favorably in the composition of this invention. 

The water-absorbent composition of this invention is essentially composed of the absorbent resin men- 

20 tioned above and the polyamino acid (salt). Preferably, the ratio of the polyamino acid (salt) is in the range of 
from 0.005 to 30 parts by weight, preferably from 0.005 to 8 parts by weight, most preferably from 0.01 to'5 
parts by weight, to 100 parts by weight of the water-absorbent resin, if the amount of the polyamino acid (salt) 
is smaller than the lower limit of the range mentioned above, the effect of this invention will not be produced. 
Conversely, it is larger than the upper limit of the range, the excess will not bring atxsut a proportional increase 

25 to the effect but will possibly degrade the absorption quality. 

The water-absorbent composition of this invention is favorably obtained by a method which essentially 
uses the polyamino acid during the surface cross-linkage of the water-absorbent resin described above. In this 
case, the water-absorbent composition containing the polyamino acid (salt) is formed. The acid type polyamino 
acid is ideally used for decreasing the amount of a residue of the cross-linking agent For the purF>ose of im- 

30 proving the absorption of blood which constitutes anot her object of this invention, substantially the same effect 
can be attained with the absorbent compositnn incorporating therein an amino polyacid salt. 

For the production of the water-absorbent composition of this invention, therefore, a method which consists 
In effecting the addition of the polyamino acid (salt) in the process of the formation of the water-absorbent resin 
may be adopted besides the method which resorts to the surface cross-linkage. Specifically, the polyamino 

35 acid (salt) may be added to the aqueous monomer solution prior to polymerization or to the reaction solution 
during or after polymerization. Otherwise, a method which resides in causing the polyamino acid (salt) to be 
added to the water-absorbent resin after the resin has been formed may be adopted. For the addition of the 
polyamino acid (salt) to the water-absorbent resin in the dry state, the so-called dry blend method which com- 
prises mechanically mixing the two components both in a powdered state or the method which effects the mix- 

40 ture by adding either or both of the two components in the form of an aqueous dispersion or aqueous solution. 
Among other methods cited above, the method which resides in adding the polyamino acid (salt) in the form 
of an aqueous liquid or a dispersion, preferably the aqueous liquid to the water-absorbent resin In a dry state 
proves particularly preferable in respect that the produced water-absorbent compositton excels in various prop- 
erties. In this case, water alone or a mbcture of water with a hydrophllic organic soh/ent can be used as the 

45 aqueous liquid. 

The amount of the aqueous liquid to be used is in the range of from 0.1 to 50 parts by weight, preferably 
from 1 to 30 parts by weight, based on 100 parts by weight of the solid of the water-absorbent resin. As typical 
examples of the hydrophilic organic solvent to be used in the mixture mentioned above, lower alcohols such 
as methyl alcohol, ethyl alcohol, n-propyl alcohol, iso-propyl alcohol, n-butyl alcohol, iso-butyt alcohol, and t- 
50 butyl alcohol; ketones such as acetone; ethers such as dioxane, alkoxy(poly)ethytene glycol and tetrahydro- 
furan; amides such as N,N-dimethyl formamide; and sulfoxides such as dimethyl sulfoxide may be cited. 

Further in this invention, the water-absorbent composition having the polyamino acid (salt) added in the 
form of an aqueous liquid to the water-absorbent resin is subjected to a heat treatment when necessary. The 
temperature of this heat treatment Is generally in the range of from 50** to 300^C, preferably 100^ to 230**C, 
55 though variable with the amount of the aqueous liquid to be added. The heat treatment is desired to be effected 
under conditions such that the water-absorbent composition of this invention may be obtained in a substantially 
dried state. 

When the water-absorbent resin is mixed with the polyamino acid in the aqueous lk)uid as described above. 
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particularty by causing a cross-linking agent capable of reacting with the cart)oxyt group to be preparatorily 
contained in the aqueous liquid and as above-mentioned heat-treating the resultant mixture thereby Introduc- 
ing a cross-linked structure in the surface region of the water-absorbent resin, the water-absorbent ctMnposi- 
tion to be produced by this invention is enabled to acquire an ability to aspirate physiological saline solution 

5 and blood and excel particularly in absorption capacity junder load. 

The water-absorbent composition of this invention obtained as described above Is a novel water-absorbent 
composition which exhibits outstanding absorption characteristics to such body liquids as urine, blood, and 
excretion, manifests fine gel stability, high flowabiiity (anti-blocking property) after at>sorbing moisture, static 
charge, and the rustproof ing effect 

10 This invention has brought to light a novel water-absorbent composition which exhibits an excellent suction 
power to physiological saline solutkin and bovine blood. Heretofore, the fact that the water-absort)ent agent 
having an aspirating capacity of not less than 14 g/g of artificial urine, when used in a disposable diaper, is 
capable of repressing leakage (JP-A-63-2 1.902) and the absorbent material which exhibits an excellent at>- 
sorption capacity to blood (JP-A-06-25,543) have been known to the art. These known techniques do not nec^ 

IS essarily generate a fully satisfactory aspirating capacity on such highly viscous liquids as blood, menstrual 
fluid, and loose feces. The present Invention offers a water-absorbent composition which has overcome the 
heretofore insoluble problems. It has been ascertained by this Invention that for sanitary napkins and dispos- 
able diapers using a water-absorbent composition at high concentrations (the absorbent structures containing 
the absorption composition at concentrations of not less than 50% by weight), the balance among the absorp- 

20 tion capacity without load and the suctk>n power exhibited to physiological saline solution and the suction power 
exhibited to bovine blood. i.e. the characteristic feature presented by the water-absorbent compositton of this 
invention, constitutes an important requirement. 

Thus, this invention provides a water-absorbent composition which exhibits an absorption capacity without 
load of at least 25 g/g to physiological saline solution and a suction power of not less than 1 4 g/g to physiological 

25 saline solution and a suction power of at least 7 g/g to bovine blood and also provides a water-absorbent struc- 
ture and a water-absorbent article txith incorporating therein the absort)ent composition or the at)sort)ent agent 
mentioned above. 

The suction power of the water-absorbent composition exhibited to physiological saline solution and that 
exhibited to bovine t)iood constitute essential factors for the acquisitbn of such a water-absorbent article as 

30 disposable diaper or sanitary napkin or similar sanitary material which quickly absort>s urine or blood diffused 
in a hydrophilic fibrous material supporting the water-absort>ent composition, retains the diffusing property of 
the hydrophiiic fibrous material stably to withstand the effect of aging, avoids inflicting an offensive sensation 
to the skin, and represses the amount of urine or blood suffered to flow back. It has been ascertained partic- 
ularly that the ratio of the absorbent composition incorporated in the water-absorbent structure is allowed to 

35 be notably increased (to 50% by weight or even higher) when the suction power exhibited to bovine blood ex- 
ceeds 7 g/g. The cause for this feature is not clear. The feature may be logically explained, however, by a sup- 
position that the proportion of blocks generated between particles ov^ng to the high concentration of the water- 
absorbent composition in the water-absorbent structure is Increased when the water-absort>ent structure is 
used on such a viscous liquid as blood. Thus, it is inferred that the differences brought out in afc>sorption char- 

40 acteristics exhibited to bovine blood play an important role. 

The absorption capacity without load exhibited to physiological saline solution constitutes an important 
factor in respect that it governs the absorptton capacity of the water-absorbent arttole. 
This absorption capacity without load is such that the suction power and the absorptton ratio under load are 
decreased in proportion as the absorption capacity without load is increased. Thus, the absorptk>n capacity 

45 without toad has a relation of antinomy relative to the suction capacity and the absorption capacity under load. 
By causing the water-absorbent composition of this invention which have the absorption capacity without load, 
the suction power, and the absorption capacity underload controlled within the specific ranges to be combined 
at a specific mixing ratio with the hydrophilic fibers and the water absorbent, the absorbent structure and the 
water- absorbent article of this Invention which possess the heretofore unattainable absorption characteristics 

50 can be obtained. 

The hydrophilic fibers for use in the absorbent structure of this invention are desired to be in the form of 
an airlaid batt of ground wood pulp. The structure of this airlaid batt is well known in the field of manufacture 
of dteposable diapers as disclosed in US-A-4,61 0.678, for example. As typical examples of the hydrophilic f lt>- 
ers which are effectively usable for this invention, cotton linters, such cross-linked cellulose fibers as are dis- 
ss closed in EP-A-042911 2 and EP-A-042731 6, rayon fibers, cotton fibers, wool f it>ers, acetate fibers and vinylon 
fibers may be cited besides the ground pulp. 

The water-absorbent structure of this invention is composed of from 10 to 95 parts by weight of a water- 
absorbent composition or water-absorbent agent and from 90 to 5 parts by weight of absortjent fibers, prefer- 



12 



EP 0 668 080 A2 



ably from 50 to 95% by weight of the water-absorbent composition and 50 to 5 % by weight of the hydrophilic 
fibers. The composition and the fit}ers are combined to form a matrix as intermixed or dispersed on a fibrous 
sheet. Several methods including the method currently adopted for the manufacture of disposable diapers on 
the market are available for the formation of the water-absorbent structure. Methods proper for the formation 

5 of the absorbent structure are disclosed in US«A-4.578.06d. US-A-4.666,975. US-A-4.673.402. US-A- 
4,685.915, US-A-4,765,780, US-A-5,047,023, and US-A-5,1 56,902, for example. The water-absorbent struc- 
ture which is obtained as described above is preferably compression molded until the density thereof reaches 
a level In the range of from 0.06 to 0.5 g/cc. In this invention, therefore, the density is preferable to fall in this 
range because the absorbent structure which contains the water-absorbent composition or the water-absor- 

10 bent agent at a relatively high concentration has a relative smaO thickness and manifests the at>sorbing power 
efftoientty. If the density exceeds the upper limit of this range, the water-absort)ent structure will be unduly 
hard. Conversely, if the density falls below the lower limit of the range, the water-absorbent structure will be 
deficient in the efficiency of absorption. The water-at>sorption structure of this invention is preferable to have 
a basis weight in the range of from 0.01 to 0.20 g/square centimeter If the basis weight is smaller than the 

15 lower limit of the range, the water- absorbent structure will be deficient in strength. If it is larger than the upper 
limit of the range, the water-absorbent structure possibly will be too hard to be favorably adapted for absorbent 
articles. The water-absorbent structure of this invention, therefore, is allowed to have an average thickness 
less than 40 mm, preferably less than 10 mm, and more preferably less than 5 mm. 

In the present invention, the water-absorbent structure which comprises the water-absorbent composition 

20 or the water-absort>ent agent and the hydrophilic fibers is allowed to contain therein up to 40 parts by weight 
of thermoplastic fibers based on 100 parts by weight of the hydrophilic fibers for the purpose of enabling the 
water-absorbent structure to retain the shape thereof during the absorption of water. As typical examples of 
the thermoplastic fibers which are effectively used for the purpose just menttoned, polyethylene, polypropy- 
lene, and polyester fibers, and bicomponent fibrous copolymers of polyester and polyamides and complex f ib- 

25 ers thereof may be cited. 

The water-absorbent structure of this invention which is obtained as described above is nipped fast t>e- 
tween a facing member pervious to liquid and a backing member impervious to liquid to produce a water-ab- 
sorbent article of this invention. 

The water-absorbent article of this invention may be provided with numerous members such as a diffused 

30 layer, an elastic leg part member, an elastic waist part member, and tapes whk:h are well known in the technical 
field to which this invention pertains. 

The water-absort>ent article of this invention can be adapted for varkKis products such as disposable di- 
apers, athtet's pants, sanitary napkins, surgical pads, clothing for patients of inccMitinence, and sheets for pets 
which are required to absorb targe volumes of liquid. 

35 The water- absorbent agent, the water-absorbent composition, or the water-absorbent structure which is 

obtained by this invention may be endowed with a new function by addition of such additives as deodorant, 
perfume, inorganic powder, foaming agent, pigment, dye, hydrophilic short fibers, plasticizer, binder, fertilizer, 
oxidizing agent, reducing agent, water, and salts or may be granulated. Typical examples of these additives 
are cited in US-A-4179367, US-A-41 90563. US-A-4500670. US-A-4693713, US-Ar4812486, US-A-4863989, 

40 US-A-49297 1 7, US-A-4959060. US-A-497201 9. US-A-5078992, and US-A-5229488. EP-A-0009977 and EP- 
A-0493011 . Typtoal examples of the method of granulatton are cited in US- A-4734478 and EP-A-0450922 and 
EP-A-0480031 , for example. 

Now, the present inventbn will be described specifically below with reference to working examples. It 
should be noted, however, that these examples are not meant to define the scope of the present inventk>n. All 

45 "parts" in examples are by weight unless they are specifically noticed. 

Various properties of the water-absort>ent agents indicated in the examples were detenmined by the fol- 
lowing methods. 

(a) Absorption capacity to physiological saline without load 

so 

Ateabag pouch of non-woven fabric {40mmxl50 mm) having 0.2 g of a sample water-absorbent or water- 
absorbent composition uniformly contained therein was immersed in an aqueous solution containing excess 
amount of 0.9% by weight of sodium chloride (physiological saline solution). After 60 minutes' standing in the 
saline solution, the teabag pouch containing a swelled gel was pulled out over a period of 5 seconds from the 
55 saline solutton. left draining for 10 seconds on 24 superposed sheets of toilet papers (57mmx50mm, lOg/m^ 
per 1 sheet), and then weighed (W1 ). The same procedure was repeated by way of a blank test using no sample 
to find the blank weight of the teabag pouch (WO). The absorption capacity without load was calculated in ac- 
cordance with the following formula 1. 
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Absorption capacity without load to physiological saline (g/g) = [Weight, (g), after absorption - Blank 
weight Wo (g)]/(Weight of absorbent resin agent (or composition} (g)) (1 ) 

(b) Absorption capacity under load 

5 

The absorption capacity under load was determined by the use of the same device as illustrated In Figure. 
With an upper mouth 2 of a buret 1 dosed with a stopper 3, a measuring base 4 and an air inlet 5 were set at 
an equal level. A filter paper 7 was mounted on a glass filter 6 of a diameter of 70 mm located in the central 
part of the measuring base 4. A non-woven fabric 8 was fixed at the lower end part of a supporting cylinder 

10 10 having a diameter of 55 mm. On the non-woven fabric 8. 0.76 g of a sample water-absorbent agent was 
uniformly spread and a load 9 of 20 g/cm^ was placed. This set of non-woven fabric, water-absorbent agent, 
and load as held on the supporting cylinder 10 was mounted on the filter paper 7 overlying the glass filter 6. 
The amount (A ml) of the aqueous solution of 0.9% by weight of sodium chloride (physiological saline solution) 
absorbed over a period of 30 minutes was measured. The absorption capacity (ml/g) under load was calculated 

IS in accordance with the following formula 2. 

Absorption capacity under load (ml/g) = A(ml)y0.76 (g) (2) 

(c) Amount of residue of surface cross-linking agent (in the case of an epoxy compound) 

20 In a beaker having an inner volume of 1 00 ml, 2.0 g of a sample water-at>sort>ent agent was placed and 2 

ml of a composed solution of methanoi/water » 2/1% by weight was added thereto and the resultant mixture 
was left standing for one hour, with the beaker kept closed with a lid. The sample remaining in the beaker was 
mixed with 5 ml of methanol and the resultant mixture was filtered. In an eggplant flask having an Inner volume 
of 50 ml, 1 .0 g of the filtrate was placed and combined with 0.05 ml of an aqueous solution of 12 wt% of nicotine 

25 amide. The flask was fitted with an air cooling tube and heated in a water bath for 30 minutes. The reaction 
solution was passed through a filter paper and the filtrate was assayed by high-performance liquid chroma- 
tography. 

Separately, the same procedure was repeated by way of a blank test using a known amount of cross-linking 
agent and omitting the use of a water-absorbent agent to obtain a calibration curve. With this calibration curve 
30 as an external standard and in due consideration of the ratk> of dilution of the filtrate, the amount of residue 
of surface cross-linking agent on (ppm) in the sample was determined. 

(d) Suctton power to physk)logk;al saline solution 

35 About 1 g of a sample water-absorption agent (or composition) was placed on 16 superposed sheets of 

toilet paper {^9g/^^^, 55 mm x 75 mm per 1 sheet) kept immersed in 20 ml of the physiological saline solution 
held in a petri dish 95 mm in inside diameter and then allowed to aspirate the saline solution for 10 minutes. 
Then the swelled gel consequently formed was collected and weighed. The capacity of the sample water-at>- 
sorbent agent or composition for absorption of the physiological saline solution (g/g) was calculated by dividing 

40 the weight of the swelled gel by the original weight of the water-absorbent agent (or composition). 

(e) Suctkin power to bovine blood 

The suction power to t)ovlne blood (g/g) was determined by faithfully repeating the procedure used for the 
45 determination of the suction power to physiological saline solution while using bovine blood [kxtvine blood liquid 
prepared by reconstituting a freeze dried product of Wako Pure Chemical Industries. Ltd. marketed under 
"Wako Code Number 029-07071*1 in the place of physiological saline solution. 

(f) Flowability (anti blocking property) after absorbing moisture 

so 

This property was rated by causing an aluminum cup (50 mm in diameter on the bottom side and 23 mm 
in height) containing 2 g of a sample water-absort>ent composition to stand at rest for 1.5 hours In a thermo- 
hygrostat regulated at 25**C and 50% RH and. after the standing, removing the aluminum cup and tilting it at 
an angle of 30** and visually examining the condition of flow of the at>sorbent composition in the aluminum cup. 

55 

(g) Rustproofing effect and gel stability 

This property was determined by placing 1 g of a sample water-absorbent composition in 25 cc of phys- 
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iological saline solution held In a lidded container of polypropylene measuring 55 mm in diameter and 70 mm 
in height thereby allowing the sample to swell with the saline solution, tfioroughly Immersing an iron dip in the 
resultant swelled gel, and allowing the iron dip to stand at rest therein for three days at normal room temper- 
ature and, at the end of the standing, visually examining the gel to find whether or not the iron dtp produced 
5 rust in the gel. The visual observation of the gel was concurrently utilized for rating the stability of the gel. 

(h) Ability to prevent static charge 

This property was determined by placing 10 g of a sample water-absorbent composition in a polyethylene 
10 bag fitted with a slide fastener (140 mm x 100 mm x 0.04 mm. produced by Seisan Nippon K.K. and marketed 
under trademark designation of "Unlpack E-4"). dosing the bag, vigorously shaking the bag vertically for one 
minute, and visually examining the bag to rate the extent of adhesion of the water-absorbent composition to 
the inner walls of the bag. 

IS Referential Example 1 

In 5500 g an aqueous solution of sodium acrylate having a ratio of neutralization of 75 mol% (monomer 
concentration 33%), 1.58 g of N.N'-methylene-bis-acrylamide as a inner cross-linking agent was dissolved. 
The resultant solution was deaerated by bubbling nitrogen gas therethrough for 30 minutes and then supplied 

20 into a reaction vessel constructed by lidding a jacketed twin arm type kneader of stainless steel having an inner 
volume of 10 liters and provided with two sigma vanes. The reaction vessel was further subjected to displace- 
ment of the entrapped air with nitrogen gas, with the monomer kept at 30°C. When 2.4 g of ammonium per- 
sulfate and 0.12 g of 1-ascorbk; acid were added to the reaction system with the vanes kept in notation mean- 
while, the monomer therein began to polymerize 1 minute thereafter. After the further elapse of 1 6 minutes 

25 thereafter, the inner temperature of the reaction system reached 83°C and the cross-linked hydrogel polymer 
produced meanwhile was finely divided into partldes about 5 mm in diameter. Then, the stirring of the contents 
of the reaction vessel was continued. The cross-linked hydrogel polymer was removed from the reaction vessel 
after the elapse of 60 minutes following the start of the polymerization. 

The finely divided partides of the cross-linked hydrogel polymer thus obtained were spread on a metal 

30 gauze of ASTM 50-mesh and dried with hot air at 150°C for 90 minutes. The dried partides were pulverized 
with a shaking mill and further dasslfied with an ASTM 20-mesh sieve to obtain an irregular broken water- 
absorbent resin (A) having average diameter of 360^m and containing resin partides of diameters of less than 
1 50^m at a proportion of 5% by weight and having a water content of 6% by weight. 

35 Referential Example 2 

In 5500 g of an aqueous solution of sodium acrylate having a ratio of neutralization of 75 mol% (monomer 
concentration of 33%), 4.4 g of polyethylene glycol diacrylate as the inner cross-linking agent was dissolved. 
The resultant solution was deaerated with nitrogen gas and then combined with 2.4 g of sodium persulfate and 

40 0. 1 2 g of 1 -ascorbic acid to set the monomer to polymerizing. At the time that the polymerization was completed, 
the cross-linked hydrogel polymer produced in the meanwhile was finely dh/ided and dried In a hot air drier at 
150**C. The dried particles of the polymer consequently obtained were pulverized with a roll granulator and 
classified with an ASTM 20-mesh sieve to obtain an irregular broken water-absorbent resin (B) having an aver- 
age partide diameter of 400(im and containing resin partides of dianrteters of less than 1 50^m at a proportton 

45 of 5% by weight and having a water content of 6% by weight. 

Referential Example 3 

In 5500 9 of an aqueous solution of sodium acrylate having a ratio of neutralization of 75 mol% (monomer 
50 concentration of 38%), 7 g of trimethylol propane triacrylate as the inner cross-linking agent was dissolved. 
The resultant solution was deaerated with nitrogen gas and then combined with 2.3 g of potassium persulfate 
and 0.11 g of l-ascorbk; acid to set the oK^nomer to polymerizing. At the time that the polymerization was com- 
pleted, the cross-linked hydrogel polymer produced in the meanwhile was finely divided and dried in a hot air 
drier at 150''C. The dried partides of the polynner consequently obtained were pulverized with a roll granulator 
55 and classified with an ASTM 20-mesh sieve to obtain an irregular broken water-absorbent resin (C) having an 
average partide diameter of 380^m and containing resin partides of diameters of less than 150^m at a pro- 
portion of 5% by weight and having a water content of 5% by weight 
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Referential Exampte 4 

An in-egular broken water-absorbent resin (D) was obtained by mixing 100 parts of the water-absort)ent 
resin (B) obtained in Referential Example 2 with a liquid composed of 0.5 part of glycerol as a first cross-linking 
s agent, 0.05 part of ethylene glycol diglycidyl ether as a second cross-linking agent, 3 parts of water, and 0.75 
part of isopropyl alcohol and heat-treating the resultant mixture at 200oC for 35 minutes. 

Example 1 

10 A water-absorbent agent (1) was obtained by mixing 100 parts of the water-absorbent resin (A) obtained 
In Referential Example 1 with a liquid composed of 0.05 part of ethylene glycol diglycidyl ether as a cross-linking 
agent, 0.5 part of lactic acid (pKa = 3.66) as an additive, and 3 parts of water and heat-treating the resultant 
mixture at 120**C for 40 minutes. The water-absort>ent agent (1) was tested for properties. The results of the 
test are shown in Table 1 . 

IS 

Example 2 

A water- absorbent agent <2) was obtained by mixing 100 parts of the water-absorbent resin (A) obtained 
In Referential Example 1 with a liquid composed of 0.5 part of glycerol as a first cross-linking agent, 0.05 part 
20 of ethylene glycol diglycidyl ether as a second cross-linking agent, 0.5 part of citric acid (pKa = 2.87) as an 
additive. 3 part of water, and 1 part of isopropyl alcohol and heat-treating the resultant mixture at 200°C for 
40 minutes. The water-absorbent agent (2) was tested for properties. The results of the test are shown in Table 
1. 

25 Example 3 

A water-absorbent agent (3) was obtained by repeating the procedure of Example 2 while using 0.2 part 
of phosphoric acid (pKa = 2.15) instead as an additive and tested for properties. The results of the test are 
shown in Table 1. 

30 

Example 4 

A water-absorbent agent (4) was obtained by mixing 100 parts of the water-absorbent resin (A) obtained 
in Referential Example 1 with a liquid composed of 1 part of ethylene carbonate as a first cross-linking agent. 
35 0.05 part of glycerol polyglycidyl ether as a second cross-linking agent, 0.02 part of succinic acid <pKa = 4.00) 
as an additive. 2 parts of water, and 3 parts of isopropyl alcohol and heat-treating the resultant mixture at 190*^0 
for 60 minutes. The water-absorbent agent (4) was tested for properties. The results of the test are shown in 
Table 1. 

40 Example 5 

A water-absorbent agent (5) was obtained by mixing 100 parts of the water-absorbent resin (B) obtained 
in Referential Example 2 with a liquid composed 0.5 part of glycerol as a first cross linking agent, 0.05 part of 
ethylene glycol diglycidyl ether as a second cross-linking agent, 3 parts of water, 0.75 part of isopropyl alcohol, 
45 and 0.5 part of pdyaspartic acid (molecularweight 10000) as an additive and heat-treating the resultant mixture 
at 200**C for 33 minutes. The water-absorbent agent (5) was also an absorbent compositran (1) of this invention 
containing 0.5 part of polyaspartic acid (sodium salt). 

Example 6 and Example 7 

50 

The water-absorbent agents (6) and (7) were obtained by mixing 100 parts of the water-absorbent resin 
(D) obtained in Referential Example 4 severally with an aqueous solution (1 0 parts of water) of 5 parts of as- 
partic acM (molecular weight 50000) and an aqueous solutton of 1 part of polyglutamate (molecular weight 
100000) as an additive and drying the resultant mixtures at 120**C. These water-absort)ent agents (6) and (7) 
55 obtained by adding the additive after adding a surface cross-linking agent were also water-absort)ent compo- 
sitions (2) and (3) of this invention respectively containing polyaspartic acki (sodium salt) and polyglutamic acid 
(sodium salt). 
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Example 8 

A water absorbent composition (4) of this invention was obtained by mixing 100 parts of the water-absor- 
bent resin (3) obtained in Refers ntiai Example 3 with an aqueous liquid composed of 1 part of pdysodium as- 
5 partate (molecular weight 10000} and 5 parts of water. 

Example 9 

A water-absorbent resin composition (5) containing a polylysine salt was obtained by dry blending 100 
10 parts of the absorbent resin (4) obtained in Referential Example 4 with 10 parts of polylysine hydrocHoride 
(molecular weight of 2000). 

Example 10 

15 A water-absorbent composition (6) containing polysodium aspartate was obtained by repeating the proce- 

dure of Referential Example 3 while having 104.5 g of polysodium aspartate (molecular weight 10000) addi- 
tionally dissolved in the aqueous sodium acrylate solution (5% as solids based on the monomer) thereby having 
the polysodium aspartate additionally incorporated in the monomer being polymerized, then continuing the 
polymerization, and subjecting the resultant cross-linked hydrogel polymer to fine division, drying, and pulver- 

20 ization. The water-absort>ent composition (6) thus obtained, while showing substantially the same at>sorption 
capacity as the water absorbent resin (C) having used no polysodium aspartate in the polymerization, excelled 
the water-atisorbent resin (3) in the flowability after atisorbing moisture, the rustproof ing effect, the gel sta- 
bility, and the ability to resist static charging. By the pH titration, this composition (6) was found to have a water- 
soluble component of less than about 4% by weight compared to the water-absobent resin (C). 

25 

Control 1 

A water- absorbent agent (1) for comparison was obtained by following the procedure of Example 1 while 
omitting the use of lactic acid as an additive. The water absorbent agent (1) for comparison was tested for prop- 
30 erties. The results of this test are shown in Table 1 . 

Control 2 

A water-absorbent agent (2) for comparison was obtained by following the procedure of Example 1 while 
3S using 0.5 part of sodium lactate in the place of lactic acid as an additive. The water-absorbent agent (2) for 
comparison was tested for properties. The results of this test are shown in Table 1. 

Control 3 

40 A water-absorbent agent (3) for comparison was obtained by following the procedure of Example 2 while 

using 0.5 part of sodium citrate in the place of citric acid as an additive. The water-absorbent agent (3) for com- 
parison was tested for properties. The results of this test are shown in Table 1. 

Control 4 

45 

A water-absorbent agent (4) for comparison was obtained by following the procedure of Example 2 while 
using 0.5 part of monosodium succinate in the place of citric acid as an additive. The water-absorbent agent 
(4) for comparison was tested for properties. The results of this test are shown in Table 1. 

so Control 5 

The water- absorbent resin (D) obtained in Referntioal Example 4 was used in its unmodified form as a 
water-absorbent agent (5) for comparison. 

55 Example 11 

The water-absorbent compositions (1) through (5) conforming to this invention and the water-absorbent 
resins (B) through (D) as water-absorbent compositions (1) through (3) for comparison were tested for absorp- 
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tion capacity without foad to physiological saline solution, suction power to physiological saline solution, suction 
power to bovine blood, flowability after absorbing moisture, rustproof ing effect, and ability to resist static 
charging. The results of the test are shown in Table 2. It is dearly noted from the test results that the water- 
absorbent composition of this invention excels also in the flowability after absorbing moisture, the rustproof ing 
5 effect, and the ability to resist static charging. 

Example 12 

A water-absorbent structure (1) of this invention having a density of 0.15 g/cc and a basis weight of 0.05 
10 g/square centimeter was obtained by dry mixing 1 00 parts of the water-absorbent composition (4) of this in- 
vention with 100 parts of ground pulp, pneumatically molding the resultant mbdure in the form of sheet and 
compressing the sheet 

Example 13 

IS 

Water-absorbent structures (2) through (5) of this invention and water-absorbent structures (1) through 
(3) for comparison having a density in the approximate range of from 0.13 to 0.17 g/cc and a basis weight in 
the approximate range of from 0.047 to 0.053 g/cm^ were obtained by following the procedure of Example 12 
while using the absorbent compositions (1) through (3) and (5) and the absorbent compositions (1) through 
20 (3) for comparison in the place of the water-absorbent composition (4). 

Example 14 

Water-absorbent structures of 5 cm in diameter were each punched out of the water-absorbent structures 
25 (1) through (5) obtained In Examples 12 and 13 and the water-absorbent structures (1) through (3) to be used 
as test pieces. When 10 cc of bovine blood was dropped onto the test pieces, the water-absorbent structures 
of this invention showed better results in terms of the absorption speed than the water-absorbent structures 
for comparison, it is clearly noted from the test results that the water-absorbent structures containing the water- 
absorbent compositions of this Invention exhibit excellent suction power to bovine blood. Thus, the water-at>- 
30 sort>ent structures of this invention promise to provide water-absorbent articles of heretofore unattainable qual- 
ity. 

Example 15 

35 A water-absorbent structure (6) of this invention having a density of 0.1 8 g/cc and a basis weight of 0.05 

g/cm^ was obtained by dry mbcing 75 parts of the water-absorbent composition (4) of this invention with 25 
parts of ground pulp and 10 parts of thermoplastic fibers (ES filters 1.5 d, 10 mm, produced by Chisso Cor- 
poration), pneumatically molding the resultant mixture in the form of sheet, and thermally compressing the 
sheet 

40 

Example 16 

Water-absorbent structures (7) and (8) of this invention and water-absorbent structures (4) through (6) 
for comparison substantially equalling in density and basis weight were obtained by following the procedure 
45 of Example 15 while using, in the place of the water-at>sorbent composition (4) of this invention of Example 
15, water-absorbent compositions differing in the absorption capacity without load to physiological saline sol- 
ution, the suction power to physiological saline solution, and the suction power to bovine blood. 

Example 17 

50 

Water-absorbent articles (1) through (3) of this invention and water-absorbent articles (1) through (3) for 
comparison were fabricated by the following procedure using the water-absorbent structures (6) through (8) 
of this invention and the water-absorbent structures (4) through (6) for comparison obtained in Examples 15 
and 16. A disposable diaper ctHnpriaing a top sheet of polypropylene pervious to liquid, two sheets of tissue 
55 paper, a sample water-absorbent structure (weight about 24 g) cut In a size of 12 cm X 40 cm, a back sheet 
of polyethylene Impervious to liquid including teg gathers and a waist gather, and two tape fasteners was man- 
ually assembled by joining the individual component parts. The total weight of the diaper was about 45 g. 
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Example 18 

Ten babies were made to wear randomly 30 pieces each of the water-absorbent articles (1) through (3) of 
this invention and the water-absorbent articles (1) through (3) for comparison obtained in Example 17. The 

5 samples thus used on the babies were recovered and visually examined to determine the ratio of leakage. The 
results are shown In Table 2. It is clearly noted from the test results that the water-absorbent structures con- 
taining water-absorbent compositions at a relatively high concentration showed no satisfactory quality when 
the suction power to bovine blood were less than 7 g/g even when the suction power to physiological saline 
solution were not less than 14 g/g. Thus, this invention provides means to select water-absort>ent compositions 

10 which are effective in improving the qualities of water-absorbent articles containing water-absorbent compo- 
sitions at a high concentration. 

Example 19 

15 A water-absorbent structure (9) of this invention and a water-absorbent structure (7) for comparison sub- 

stantially equalling in density and basis weight were obtained by following the procedure of Example 15 while 
using the absorbent agent (2) and the water-absorbent agent (1) for comparison respectively obtained in Ex- 
ample 2 and Control 1 from the same water-absorbent resin (A) in the place of the water-absorbent composition 
of this inventbn. 

20 Disposable diapers were assembled with the water-absort>ent structure (9) and the water-absorbent struc- 

ture (7) for comparison by following the procedure of Example 17. to obtain a water-absort>ent article (4) of 
this invention and a water-absorbent article (4) for comparison. The samples of the water-absorbent article (4) 
and the water-absorbent article (4) for comparison were tried on babies in the same manner as in Example 
18. In the test, the water-absorbent article (4) using the water-absorbent agent (2) obtained by the method of 

25 production of this invention was found to show a ratio of leakage of 3.3%, whereas the water-absorbent article 
(4) for comparison using the water-absortjent agent (1) for comparison was found to show a ratio of leakage 
of 13.3%. Thus, the water-absorbent agent obtained by the method of production of this Invention shows no 
detectable residue of a cross-linking agent used therein and exhibits a high absorption capacity under load as 
without load and. therefore, is ideally adapted for water-absorbent structures and water-absorbent articles 

30 such as disposable diapers. 
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Claims 

1. A method for the production of a water- absorbent agent characterised by mixing a water-absorbent resin 
containing a carfc)oxy1 group with an additive soluble in the aqueous solution of at least one member se- 
lected from inorganic adds, organic acids and polyamino acids, and a cross-linking agent capable of re- 
acting with the cartx>xyi group. 

2. A method as claimed in Claim 1 , characterised by mixing the water-absorbent resin with the additive and 
the cross-linking agent and subsequently subjecting the resultant mixture to a heat treatment at a tem- 
perature in the range of from 100 to 230*0. 

3. A method as claimed in Claim 1 or Claim 2. characterised in by preparatorily mbcing the additive and the 
cross-linking agent and subsequently adding the resultant mbcture to the absorbent resin. 

4. A method as claimed in any preceding Claim, characterised in that the least one member selected from 
saturated organic carboxylic actds. saturated inorganic acids of elements of Group 3 in the periodic table 
of elements, and poly(monoamlnodk»rboxyllc acids). 

5. A method as claimed In any preceding Claim, characterised in that the water-absorbent resin containing 
a cart>oxyl group is obtained by polymerising a hydrophilic monomer having acrylk: add and/ora salt there- 
of as a main component thereof. 

6. A method as claimed in any preceding Claim, characterised in that the cross-linking agent capable of re- 
acting with the carboxylic group is an epoxy compound. 

7. A method as daimed in any preceding Claim, characterised in that the acid dissociatton index (pKa value) 
of the additive is in the range of from 2.0 to 4.0. 

8. A method as daimed in any preceding Claim, characterised In that the addith/e is a saturated organic car- 
boxylic ackl selected from citric acid, succinic acid, and lactic acid. 

9. A method as daimed in any preceding Claim, characterised in that the mbcture is effected by the use of 
from 0.01 to 5 parts by weight of water based on 100 parts by weight of the water-absort>ent resin. 

10. A method as daimed in any preceding Claim, characterised in that the water-absort>ent resin comprises 
irregular broken partides of an average partide diameter of from 200 to 600^ and indudes not more 
than 10% by weight of a fraction of less than ISO^m in diameter. 

11. A method as claimed in any preceding Claim, characterised in that the additive is used at a ratio in the 
range of from 0.01 to 5 parts by weight to 100 parts by weight of the water-absorbent resin. 

12. A method as daimed In any preceding Claim, characterised in that the water-absort>ent resin has a water 
content in the range of from 1 to 10%. 

13. A water-absorbent agent obtained by adding from 0.005 to 8 parts by weight of an epoxy compound to 
100 parts by weight of a water-absorbent resin containing a carboxyl group, exhibiting an absorption ca- 
pacity without load of not less than 45 (g/g) and an absorption capacity under a load of 20 g/cm^ of not 
less than 30 (ml/g) and having a residue amount of an epoxy compound content of not more than 2 ppm. 

14. A water-absorbent agent as daimed in Claim 13, characterised in that a hydroxyl group-containing satu- 
rated organic acid is contained at a concentration in the range of from 0.01 to 5% by weight, based on 
sakl absorbent resin. 

15. A water-absorbent resin as daimed in Claim 13 or Claim 14. characterised in that the absorption capadty 
under a toad of 20 g/cm^ is not less than 35 (ml/g) and the epoxy compound is no longer detected. 
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1 6. A water-absorbent composition comprising a poiyamino add (salt) and a water-absorbent resin containing 
a carboxyl group. 

17. A composition as claimed in Claim 16, characterised in that the water-at>sorbent resin is a cross-linked 
5 polymer of acrylic acid (salt). 

18. A composition as dainrwd in Claim 16 or Claim 17. characterised in that the poiyamino acid (salt) is from 
0.01 to 30 parts by weight to 100 parts by weight of the water-absorbent resin. 

10 19. A composition as claimed in any of Qalnns 16 to 18, characterised in that the poiyamino add (salt) is at 
least one nriember selected from pdyaspartic acid (salt), poulyglutamic add (salt), and polylyslne (salt). 

20. A water-absorbent resin composition comprising an absorbent resin exhibiting an absorption capacity 
without load of at least 25 g/g to physiological saline sdution and a suction power of not less than 14 g/g 

IS to physiological saline solution and a suction power of at least 7 g/g to bovine blood. 

21. A water-absorbent structure comprising from 10 to 95 parts by weight of a water-absorbent composition 
containing a poiyamino acid(salt) and a water-absorbent resin having a carboxyl group and from 90 to 5 
parts of weight of hydrophilic fibres. 

20 

22. A water-absorbent structure as daimed in Qaim 21, characterised in that it further comprises up to 40 
parts by weight of thermoplastic fibres t>ased on 100 parts by weight of the hydrophilic fibres. 

23. A water- absorbent resin as daimed In Claim 21 or Claim 22, characterised in that the density is in the 
25 range of from 0.06 to 0.5 g/m^. 

24. A water-absorbent structure comprising 50 to 95 parts by weight of a water-absorbent composition fomied 
of a water- absorbent resin exhibiting an absorption capacity without load of at least 25 g/g to physiological 
saline solution and a suction power of not less than 14 g/g to physiological saline solution and a suction 

30 power of at least 7 g/g to bovine blood and 50 to 5 parts by weight of a hydrophilic fibres. 

25. A water-absorbent structure as daimed in Claim 24, characterised in that it further comprises up to 40 
parts by weight of thermoplastic f it>res based on 100 parts by weight of the hydrophilic fibres. 

35 26. A water-absorbent structure as daimed in Claim 25, characterised in that the density is in the range of 
from 0.06 to 0.5 g/cm^. 

27. A water-absorbent artide furnished with the water-absorbent structure as daimed in any of Claims 21 to 
26 and/or the water-absort>ent composition as daimed in any of Claims 16 to 20. 

40 
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FIGURE 




25 



